The indoleacetic acid (IAA) oxidase activity of root tips of boronsufficient, -deficient, recovering, and IAA-treated boron-sufficient squash plants (Cucurbita pepo L.) was determined. Apical and subapical root sections displayed an increase in IAA oxase activity between 6 and 9 hours after boron was withheld, and after 24 hours the activity of the apical sections showed a 20-fold increase over +B controls. Root elongation of -B plants was inhibited before an increase in oxidase activity could be detected. Roots One of the more recurrent proposals for a role of boron in higher plants is that it may play a part in IAA metabolism and thereby influence growth (5). Eaton (7) obtained evidence that led him to conclude that boron-deficient plants were also IAAdeficient. Attempts to confirm Eaton's work, however, have been unsuccessful (10, 12). More recently, Neales (14) proposed that instead of boron-deficient plants lacking sufficient IAA, they may actually contain supraoptimal levels which impair normal growth. Shkol'nik et al. (19) reported a decrease in the level of free acid auxins and an increase in the bound form in deficient corn and sunflower plants. Other investigators have reported higher levels of IAA in the apical regions of borondeficient plants and have speculated that the increase in IAA might be due to an inactivation or change in the activity of IAA oxidase (4, 9).
One of the more recurrent proposals for a role of boron in higher plants is that it may play a part in IAA metabolism and thereby influence growth (5) . Eaton (7) obtained evidence that led him to conclude that boron-deficient plants were also IAAdeficient. Attempts to confirm Eaton's work, however, have been unsuccessful (10, 12) . More recently, Neales (14) proposed that instead of boron-deficient plants lacking sufficient IAA, they may actually contain supraoptimal levels which impair normal growth. Shkol'nik et al. (19) reported a decrease in the level of free acid auxins and an increase in the bound form in deficient corn and sunflower plants. Other investigators have reported higher levels of IAA in the apical regions of borondeficient plants and have speculated that the increase in IAA might be due to an inactivation or change in the activity of IAA oxidase (4, 9) .
Oxidative enzyme activity appears to be altered by boron deficiency. Higher polyphenol oxidase activity and an increased 02 consumption by tissue homogenates have been reported for boron-deficient plants (11, 16) . Peroxidase activity of tissue homogenates (13) and of root tips (15) has been found to increase, and to the contrary, decrease in stem callus and root cultures (6) . IAA oxidase activity has been reported to decrease in plants subjected to several days of boron deficiency (19) .
Due to the conflicting nature of these reports and because of its role in IAA metabolism, it was decided to investigate the relationship between boron deficiency and IAA oxidase activity with a system that responds very sensitively to boron deficiency. Work Figure 2 . Root sections from +B plants displayed a fairly uniform level of oxidase activity over a 36-hr period. The 5-mm apical sections had slightly more than one-third the activity of the 5-mm subapical sections with average activity being 0.85 and 2.3 Alg IAA destroyed/hr-mg dry wt, respectively.
Apical and subapical sections of -B roots showed little variation in oxidase activity from +B sections during the first 6 hr of treatment. Between 6 and 9 hr, activity began to increase slowly and a dramatic rise in activity was observed after 12 hr on -B treatment. This rise in activity reached a maximum at 18 hr., the apical sections showing a 20-fold increase over the control and the subapical sections a 9-fold increase. The normal relationship between the apical and subapical oxidase activity was reversed in boron deficiency with the apical section possessing more activity than the subapical. The effect of +B recovery treatment on the elevated oxidase levels due to -B treatment is shown in Figure 3 . During recovery, apical and subapical sections showed a steady decline in oxidase activity with time on +B treatment. After 24 hr, oxidase levels returned to the +B control values. It was observed that plants subjected to nutrient solutions was carried out in an attempt to alter oxidase activity and thereby influence boron deficiency symptoms (Table  II) . Of the inhibitors of oxidase activity (caffeic acid and chlorogenic acid) tested, only 10-4 M caffeic acid significantly lowered the in vivo activity of this enzyme, with a concomitant inhibition of root elongation. A concentration of 10-5 M chlorogenic acid was also inhibitory to elongation but did not inhibit oxidase activity. Dichlorophenol (DCP), an enhancer of oxidase activity, inhibited elongation and oxidase activity at a concentration of 10-5 M but inhibited only elongation at 10-6 M-H202 severely inhibited oxidase activity and elongation at 10-4 M and to a lesser extent at 10-6 M.
DISCUSSION
Results obtained in this study have demonstrated that IAA oxidase activity increases very early during the onset of boron deficiency and that there are similarities between induced IAA toxicity and naturally occurring boron deficiency. It was also observed that the inhibition of root elongation occurs prior to a rise in oxidase activity. A sequence of events leading to this increase may be viewed as follows: IAA concentration in the apical region increases, mitosis stops, elongation ceases, and IAA oxidase is induced. That this sequence is plausible is supported by the observation that under +B and 10-6 M IAA treatment, apical sections showed induced oxidase activity after 6 hr of treatment. It was demonstrated previously that this enzyme is inducible in plant tissue in the presence of IAA (8) . The slow increase (lag) in oxidase activity observed in -B root sections between 6 and 9 hr is compatible with that of an induced enzyme. Also, the amount of inhibited root elongation due to added IAA was the same after 24 hr as the -B treatment alone. In addition, IAA-treated roots frequently displayed initiation of lateral root primordia near the apex and a loss of geotropism such as observed under -B conditions. Thus, if endogenous levels of IAA in the apical meristem of -B roots increase during the first 6 hr of deficiency, this could lead to an induction of IAA oxidase such as observed in -B roots. Plant Physiol. Vol. 59, 1977 If the IAA concentration increases in the apical region in boron-deficient roots, this could lead to a change in the normal distribution of the IAA oxidase enzyme as was observed. Under +B conditions, a higher level of oxidase was found in the differentiated subapical sections than in the meristematic apical sections. Galston and Dalbert (8) reported a similar distribution of oxidase activity in pea roots. However, under -B conditions, due to increasing levels of IAA in the apical region, induced oxidase activity rises and finally reaches a higher level in the apical region.
Since higher levels of oxidase activity are associated with differentiating cells, boron-deficient roots may display premature differentiation. Cohen (3) reported that mitosis in -B roots ceased after 6.5 hr with elongation ceasing a short time thereafter. This cessation of mitosis and rise in oxidase activity of -B roots after 6 (11, 13, 15, 16) . These results are contrary to the observations of Shkol'nik et al. (19) who reported a decrease in IAA oxidase activity in boron-deficient sunflower plants which had been subjected to several days of boron deficiency. The length of time to which a plant is subjected to -B stress, however, is crucial to the interpretation given to any subsequent physiological analysis. The more closely one is able to correlate physiological changes with the inhibition of elongation, the more the likelihood of pinpointing the metabolic processes for which boron is essential. Analyses conducted after several days of deficiency may reflect secondary changes far removed from the initial metabolic malfunction.
Attempts to alter the oxidase activity of intact plants and thereby influence deficiency symptoms were generally not successful. Reported inhibitors of oxidase activity, chlorogenic and caffeic acids, increased inhibition of root growth at 10-5 M and 10-4 M concentrations but only 10-4 M caffeic acid had any subsequent inhibition of oxidase activity. Surprisingly, 2,4-dichiorophenol also inhibited elongation and oxidase activity. This is difficult to reconcile because of the well documented evidence that this compound stimulates IAA oxidase activity. It may be that the concentrations used were too high and were toxic to other essential metabolic processes. H202 has been reported to overcome some aspects of boron deficiency under certain conditions (18) . No alleviation of deficiency symptoms by H202 was noted in squash plants at the concentrations tested, although Plant Physiol. Vol. 59, 1977 severe inhibition of elongation and oxidase activity were observed in -B roots at high concentrations.
The increase in IAA oxidase activity of -B root apical sections occurring between 6 and 9 hr after withholding B represents the earliest enzymic change yet to be reported for intact deficient plants. Roots (4, 9) . The results presented in this paper tend to confirm that high endogenous levels of IAA may exist in boron-deficient plants. These high levels, however, are not the result of an inhibition of IAA oxidase but instead apparently cause the induction of this enzyme. Further investigation is still needed to elucidate the mechanism by which boron controls endogenous levels of IAA.
